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Abstract The aim of this study was to determine the
effectiveness of a 7-day oral supplementation with bran-
ched-chain amino acids (BCAA) to prevent muscle damage
during a marathon. Forty-six experienced runners were
randomly divided into two groups, one with BCAA sup-
plementation (n = 25, supplemented with 5 g day™' of
powdered 1:0.5:0.5 leucine:isoleucine:valine, during the
7 days prior to the competition) and the other as a control
group (n = 21, supplemented with an isocaloric placebo).
Before the marathon race and within 3 min of finishing, leg
muscle power was measured with a maximal counter-
movement jump and a urine sample was obtained. During
the race, running pace was measured by means of a time-
chip. Myoglobin concentration was determined in the urine
samples as an indirect marker of muscle damage. A visual
analog scale (0-10 points) was used to assess leg muscle
pain during the race. In the BCAA group, the mean running
pace during the marathon was similar to the control group
33+£04 vs. 33£05m sfl, respectively, 0.98). The
pre- to post-race reduction in muscle power was similar
in both BCAA and control groups (—23.0 & 16.1 vs.
—17.3 £ 13.8 %, P = 0.13). Post-race urine myoglobin
concentration was similar in both BCAA and control
groups (5.4 +7.5 vs. 45+ 8.6 ugmL™', P =0.70).
Finally, there were no differences between groups in the
perceived muscle pain during the race (6 £ 1 vs. 5 £ 1
points, P = 0.80). A 7-day supplementation of BCAA

F. Areces - J. J. Salinero - J. Abian-Vicen -

C. Gonzalez-Millan - C. Gallo-Salazar - D. Ruiz-Vicente -
B. Lara - J. Del Coso (D<)

Exercise Physiology Laboratory, Sport Science Institute,
Camilo José Cela University, C/Castillo de Alarcon 49,
28692 Villafranca del Castillo, Spain

e-mail: jdelcoso@ucjc.edu

(5 gday™") did not increase the running performance
during a marathon. Furthermore, BCAA supplementation
was ineffective to prevent muscle power loss, muscle
damage or perceived muscle pain during a marathon race.
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Introduction

Marathon foot races (42.195 km) represent one of the most
demanding endurance competitions because they greatly
stress both cardiovascular and musculoskeletal systems for
a long period of time (Maughan et al. 2007). Despite the
severe physical demands of this competition, the attrac-
tiveness of the marathon has increased in the last few
decades, mostly in the amateur running population that
perceives the distance as a challenge. Completing a mar-
athon involves both concentric and eccentric leg muscle
actions repeated for 2—6 h, depending on the level of the
runner. It is well established that marathon races produce
severe damage to the runners’ leg muscle fibers due to the
high muscular demands of running for several hours (Schiff
et al. 1978).

Marathon races are accompanied by microdamage to the
sarcolemma, T-tubules, myofibrils and the cytoskeleton
that persists for the 7 days after the competition (Hikida
et al. 1983). As a result of the damage to the sarcolemma,
several myocellular proteins are released into the blood
stream and the increase of plasma concentrations of myo-
globin (Smith et al. 2004), creatine kinase (Clarkson 2007)
and LDH (Del Coso et al. 2013a) are typically used as
indirect markers of muscle fiber damage. These
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myocellular proteins (mainly myoglobin) precipitate into
the kidney and can lead to renal tubule obstruction and
even renal failure, producing a syndrome known as exer-
tional rhabdomyolysis (Clarkson and Eichner 2006). For
this reason, muscle breakdown during the marathon has
been investigated from a clinical perspective (Knochel
1990) while the relationship between muscle damage and
running performance has been less well studied.

Exercise-induced muscle damage is typically manifested
by a temporary decrease in strength and increased muscle
soreness in the days following the competition (Howatson
and van Someren 2008). However, recent investigations
indicate that muscle fiber damage is also one of the most
important causes for decreasing running performance dur-
ing the marathon (Del Coso et al. 2013a, b). A strong
correlation has been found between the urinary concen-
tration of myoglobin and the loss of leg muscle power after
a marathon (Del Coso et al. 2013b). In addition, the blood
markers for muscle damage (myoglobin, creatine kinase
and LDH) were higher in runners who drastically reduced
their running pace during the marathon, in comparison to
runners that kept a constant running pace during the race
(Del Coso et al. 2013a). A similar relationship between
exercise-induced muscle damage and performance has
been found in the triathlon (Del Coso et al. 2012) sug-
gesting that preventing muscle damage can be an effective
strategy for increasing physical performance during
endurance events.

Athletes have been experimenting with a variety of
nutritional supplements to improve their sports perfor-
mance (Ohtani et al. 2001). Among them, supplementation
with branched-chain amino acids (BCAA; leucine:isoleu-
cine:valine) has proven to be effective for reducing exer-
cise-induced muscle damage although most investigations
were focused on the recovery period subsequent to exercise
(Nosaka et al. 2006; Shimomura et al. 2006; Howatson
et al. 2012; Greer et al. 2007; Coombes and McNaughton
2000). Among them, leucine has been identified as the
most effective BCAA to prevent exercise-induced muscle
damage (Kirby et al. 2011). Only two investigations have
been focused on the performance effects of BCAA during
running. Koba et al. (2007) administered a drink containing
24 g of BCAA or a placebo to long distance runners
during a 25-km run and they found that the post-run LDH
concentration was lower in the BCAA trial. However, these
authors did not measure running or muscle performance
during the trials. Knechtle et al. (2011) administered an
acute dose of 20 g of BCAA to one group of experienced
ultra-endurance runners, and a placebo to another group of
ultra-endurance runners just before and during a 100-km
race. They found that running pace and plasma concen-
trations of myocellular proteins were not different between
groups.

@ Springer

To our knowledge, no study has investigated the effects
of a supplementation with BCAA on preventing muscle
damage during the marathon. The aim of this investigation
was to determine the effectiveness of a 7-day supplemen-
tation with BCAA to prevent muscle damage in the mar-
athon. We hypothesized that BCAA supplementation
would improve running pace during the race and would
reduce the loss of muscle power after the race.

Methods
Subjects

A total of 50 amateur marathon runners, with previous
experience in the marathon, participated in this investiga-
tion. The athletes were matched by age, training and run-
ning experience and then randomly assigned to the BCAA
supplementation group or the control group. Table 1 pre-
sents the main morphological characteristics, personal best
time and training status of the participants before the race.
Participants had no previous history of cardiopulmonary
diseases and they were not taking medications during the
study. The participants were fully informed of the risks and
discomforts associated with the experiments, and they gave
their informed written consent to participate. The study was
approved by the Camilo Jose Cela University Research
Ethics Committee in accordance with the latest version of
the Declaration of Helsinki.

Experimental protocol
A double-blind, placebo-controlled and randomized

experimental design was used in this study. The athletes in

Table 1 Morphological characteristics, training status and race time
of the participants

BCAA Control

(n = 25) (n = 25)
Age (years) 419 £+ 8.1 409 + 6.8
Female runners (number) 3 4
Body mass (kg) 70.5 £9.8 71.6 £ 10.5
Body height (m) 1.71 £ 0.08 1.72 £ 0.07
Personal best time in 195 £ 18 195 £ 11

marathon (min)

Training status 22+£05 25+0.5

BCAA were a group of runners supplemented with branched-chain
amino acids for 7 days and control was a group of runners supple-
mented with a placebo (cellulose)

Training status: 1 = from 0 to 35 km a week; 2 = from 36 to 70 km
a week; 3 = from 70 to 105 km a week; 4 = more than 105 km a
week, according to Smith et al. (2004)
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the group with BCAA supplementation received, at least
1 week before the race, an unmarked opaque container
with 35 g of pure BCAA (1:0.5:0.5 of leucine:isoleu-
cine:valine) and a spoon labeled to provide a dose of 5 g.
With the container, athletes received verbal and written
instructions to ingest 5 g day~' of powdered BCAA dis-
solved in 250 mL of tap water. The supplementation was
consumed during the 7 days prior to the marathon race.
Instructions indicated that BCAA supplementation should
be consumed in the hours following their habitual training
routines. The athletes in the control group received the
same container, but filled with an isocaloric and isovolu-
metric placebo (1:1 cellulose:dextrose) and they were
given the same instructions about beverage preparation and
intake frequency. The consumption of the experimental
substances (BCAA or placebo) the week before the race
was certified by email reminders.

One to 3 days before the race, participants underwent a
physical examination to ensure that they were in good
health. Participants completed a short questionnaire on
training status and medical history and filled out a form
with their diet during the prior 7 days. Diet was analyzed
using commercially available dietary analysis software
(PCN 1.0, Cesnid, Spain). Subsequently, participants
underwent a 5-min warm-up and were thoroughly famil-
iarized with the jump test. Then, participants performed
two maximal countermovement vertical jumps on a force
platform (Quattrojump, Kistler, Switzerland). For this
measurement, participants began stationary in an upright
position with their weight evenly distributed over both
feet. Each participant placed their hands on their waist to
remove the influence of the arms on the jump, flexed their
knees and jumped as high as possible while maintaining
the hands on the waist. This measurement was performed
with the competition clothes and shoes. Leg maximal
power output during the jump was determined from
ground reaction forces, as previously described (Del Coso
et al. 2013b). The highest jump was used for analysis.
After that, handgrip maximal force production in both
hands was measured using a handgrip dynamometer
(Grip-D, Takei, Japan). Finally, a sterile container was
provided to the runners and verbal instructions were given
to collect a urine specimen from the first-morning void the
day of the race.

Participants were instructed to arrive at the start line
30 min before the onset of the race after their habitual
warm-up routines. Participants brought the first-morning
urine specimen and wore the same clothes that they
would use during the race (T-shirt, shorts and compe-
tition shoes). Pre-race body mass was measured with a
450 g scale (Radwag, Poland). Then, participants went
to the start line to complete the race with no instruc-
tions about pace or drinking; therefore, no limitation

was placed on the amount of fluid they could drink
during the race and the participants ran at their own
pace.

The marathon race was held in April 2012 in the area
surrounding a city located at 655-m altitude (Madrid,
Spain). The lowest altitude of the race was 600 m and the
highest altitude was 720 m. The race was completed with a
mean dry temperature of 27 + 3 °C (range from 21 to
30 °C, temperature readings at 30-min intervals from O- to
5-h after the race onset) and 27 + 2 % relative humidity.
During the race, participants wore a race bib with a time-
chip to calculate the actual amount of time that it took from
the starting line of the race to the finish line (net time).
Race time was also measured at 5-km intervals during the
whole race.

Within 3 min after the race, participants went to a finish
area and performed two countermovement vertical jumps
and the handgrip maximal force test as previously descri-
bed. Post-race body mass was recorded with the same scale
and same clothes used for the pre-race measurement. Par-
ticipants were instructed to avoid drinking until they were
weighed and an experimenter was at the finish line to
assure compliance Although post-race body mass mea-
surement included the sweat trapped in the clothing, this
represents an error lower than 10 % for the calculation of
true hydration status (Cheuvront et al. 2002). The rate of
perceived exertion (Borg scale; 6-20 points) and leg
muscle soreness (0-10 points (Kirby et al. 2011)) was self-
rated using visual analog scales. After that, subjects were
provided with fluid (water and sports drinks) to promote
urine production. Thirty to 60 min after the race, a repre-
sentative sample of the post-race void was collected in a
sterile container. After that, participants filled out a survey
about the amount of fluid and food that they consumed
during the race.

The urine samples obtained in the morning of the
marathon and the urine samples obtained 60-min after the
race were immediately analyzed (within 2 h) for specific
gravity (Usg), pH, protein, glucose, ketones and bilirubin
concentrations and the presence of leukocytes and eryth-
rocytes using reactive strips (Combur Test, Roche, Swit-
zerland), as previously described (Abian-Vicen et al.
2012). For these measurements, the strip was dipped in
the urine sample and the excess was wiped off with a
clean and absorbent paper. Then, the test strip was placed
on the tray of a photometer (Urisys 1100, Roche Swit-
zerland) and the aforementioned variables were measured
after 1-min incubation. After each ten-sample batch, the
photometer was calibrated with control strips provided by
the manufacturer. A representative portion (5 mL) of the
urine sample was frozen at —80 °C. At a later date, urine
myoglobin  concentration =~ was  determined by
immunoluminiscence.
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Statistical analysis

The Shapiro—Wilk test was used to check the normality of
all variables. There were a similar number of male and
female participants in each group (Table 1). After the first
data analysis, it was found that both male and female
participants responded similarly to the BCAA supplemen-
tation and their data have been merged and treated as a
single group. Within-group (from pre- to post-race) and
between-group (BCAA vs. placebo) comparison was per-
formed using a two-way (time x group) ANOVA with
repeated measures. After a significant F test (Geisser-
Greenhouse correction for the assumption of sphericity),
differences between means were identified using the Bon-
ferroni adjustment. Differences in the variables measured
once during the experimental protocol (e.g., training status,
race time, diet content, etc.,) were identified with the
Student’s ¢ test for independent samples. The intention-to-
treat analysis (Gupta 2011) was used for the number of
participants who finished the race in each group. All the
data were analyzed with the statistical package SPSS v
19.0 (SPSS Inc., Chicago, IL). The significance level was
set at P < 0.05. The results are presented as mean + SD.

Results

Four athletes from the control group did not finish the
marathon race, while all the participants in the BCAA
group completed the race. The participants who did not
finish the race reported muscular problems (muscle strains
and muscle pain in upper and lower legs) that impeded the
finalization of the race at their habitual running pace. The
results of these four participants have been removed from
the control group since they did not take part in the post-
race measurements. Thus, the final number of participants
was 25 in the BCAA group and 21 in the control group, and
the pre- to post-race changes have been analyzed in these
participants.

Baseline energy intake (1,922 4+ 642 and 1,793 + 411
kcal day~', for BCAA and control groups, respectively,
P = 0.25), protein intake (108 £ 58 and 108 + 50
g day™', P = 0.50) and branched-chain amino acids intake
(16 £ 12 and 17 + 11 gday™!, P =0.44) in the diet
showed no differences between groups. The BCAA group
ingested a supplementary 5 g day' of branched-chain
amino acids as a part of the experimental design.

Figure 1 depicts the running speed for the BCAA and
control groups during the marathon. The BCAA group ran
at 3.5 £ 0.5 m s~ during the first 5 km and their running
speed progressively declined after the !2 marathon to
3.1 £0.5ms ! at the end of the race (P < 0.05). The
same running pattern was observed in the control group
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Fig. 1 Running pace during a marathon in a group of runners
supplemented with branched-chain amino acids (n = 25; BCAA) for
7 days or a group of runners supplemented with a placebo (n = 21;
control)

Table 2 Countermovement jump variables before and after a mara-
thon race in a group of runners supplemented with branched-chain
amino acids (n = 25; BCAA) for 7 days or a group of runners sup-
plemented with a placebo (n = 21; control)

BCAA Control
Jump height (cm)
Pre 27.1 £ 6.0 26.1 £54
Post 209 £ 6.7* 21.6 £ 5.7*
Change (%) —23.0 £+ 16.1 —17.3 £ 13.8
Leg muscle power (W kg_l)
Pre 23.8 £ 3.1 223 +£35
Post 18.9 £ 4.7* 18.4 £ 3.7*
Change (%) —20.4 £ 159 —173+ 114
Leg muscle force (N)
Pre 1,266 £ 196 1,243 £ 220
Post 1,174 £ 211* 1,173 £ 215*
Change (%) —73£9.0 —57+71
Leg muscle velocity (m s~
Pre 1.3 +£0.1 1.3 +£0.1
Post 1.1 £ 0.2% 1.1 £0.1*
Change (%) —-177 £ 119 —13.5 £ 8.8

These data correspond only to the marathon finishers of each group
* Different from pre (P < 0.05)

(from 3.4+ 05 to 3.1 £ 04 m sl P< 0.05). There
were no differences in the running pace between groups
during the entire marathon (P = 0.53).

Comparing with the pre-race values, height during the
countermovement jump was reduced by 23.0 + 16.1 % in
the BCAA group (Table 2; P < 0.05) and 17.3 £ 13.8 %
(P < 0.05) in the control group. However, there were no
differences between groups for pre- to post-race change in
the jump height (P = 0.13). Leg muscle power, force and
velocity the jump were significantly reduced after the
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Table 3 Urine responses before and after a marathon race in a group
of runners supplemented with branched-chain amino acids (n = 25;
BCAA) for 7 days or a group of runners supplemented with a placebo
(n = 21; control)

BCAA Control

Urine specific gravity (units)

Pre 1.018 £ 0.005 1.018 £ 0.005

Post 1.015 £ 0.007 1.017 + 0.006
Myoglobin concentration (g mL™")

Pre 0.0 £ 0.0 0.0 £ 0.0

Post 54 4+ 7.5% 4.5 + 8.6*
pH (units)

Pre 59408 6.0+ 1.2

Post 59+ 15 5.7 £ 1.5%
Protein concentration (mg dL=h

Pre 24 +£75 1.6 £ 6.3

Post 45.7 £ 55.7* 43.4 £ 46.6*
Erythrocyte concentration (U uL_l)

Pre 0.0 £ 0.0 0.0 + 0.0

Post 6.1 £ 12.2% 10.3 £ 9.1*
Leukocyte concentration (U poI)

Pre 0.0 £ 0.0 0.0 £ 0.0

Post 10.9 £ 22.4* 474 £ 116.3*
Ketone concentration (mg dL™h

Pre 0.0 £ 0.0 0.0 £ 0.0

Post 3.0 £ 5.8% 2.1 +£3.9%
Bilirubin concentration (mg dL™h

Pre 0.0 £ 0.0 0.0 £ 0.0

Post 04 + 0.7*% 0.5 + 0.5%

These data correspond only to the marathon finishers of each group
* Different from pre (P < 0.05)

marathon (Table 2; P < 0.05) but the magnitude of the
reductions was similar between groups (P > 0.05). In the
BCAA group, handgrip force was reduced after the race in
the dominant (from 425 4 83 to 391 + 85 N, P < 0.05)
and non-dominant hands (from 408 + 74 to 372 &= 77 N,
P < 0.05). A similar reduction was obtained in the control
group for the dominant (from 390 + 84 to 383 & 80 N,
P = 0.33) and non-dominant hands (from 384 + 74 to
358 &+ 77 N, P < 0.05). After the race, the rate of per-
ceived exertion (16 & 2 vs. 15 &£ 2 points for BCAA and
control groups, respectively, P = 0.26) and the perceived
muscle soreness (6 & 1 vs. 5 &= 1 points, P = 0.81) were
not different between groups.

From pre-race values (70.5 = 9.8 and 71.7 £+ 10.6 kg
for BCAA and control groups, respectively), body mass
was similarly reduced in both groups (3.0 £ 1.1 and
2.5+ 1.1 %, P = 0.13). Pre-race urine specific gravity
was 1.018 £ 0.005 for both groups and it remained
unchanged after the race. While no myoglobin was

detected in the pre-race urine specimens, this indirect
marker of muscle damage increased after the race to
5.4 4 7.5 pgmL™" (P < 0.05) in the BCAA group and to
45+ 86 pugmL™" (P<0.05) in the control group.
However, the increase in urinary myoglobin was similar
between groups (P = 0.70). Urinary pH values were
unchanged from pre- to post-race in the BCAA group,
while pH was significantly reduced in the urine of the
control group after the race (P < 0.05). The marathon race
produced significantly higher urinary concentrations of
proteins, erythrocytes, ketones and bilirubin (Table 3;
P < 0.05) but the magnitude of these increases was not
modified by the supplementation with BCAA. Neverthe-
less, the increase in urinary leukocyte concentration tended
to be higher in the control than in the BCAA group
(P = 0.006).

Discussion

The aim of this investigation was to determine the effec-
tiveness of a supplementation with 5 g day ™' of branched-
chain amino acids (1.0:0.5:0.5 leucine:isoleucine:valine)
for 7 days to increase physical performance and to prevent
muscle breakdown during a marathon. For this purpose, we
measured running and muscle performance in addition to
physiological variables in two groups of amateur runners,
one supplemented with BCAA and the other with an iso-
caloric placebo (control). The main outcomes were: (a) all
participants supplemented with BCAA finished the mara-
thon, while only 84 % of the participants in the control
group completed the race; (b) in comparison to the control
group, the athletes supplemented with BCAA did not
improve running pace during the entire competition
(Fig. 1) and they did not prevent the post-race reductions in
leg muscle power and force during a countermovement
jump (Table 2); (c) in comparison to the control group, the
BCAA supplementation did not change the perceived effort
or the perceived muscle soreness after the race; (d) the
athletes supplemented with BCAA presented similar uri-
nary myoglobin concentrations after the race than the
athletes who were supplemented with a placebo. All these
data suggest that BCAA supplementation was not ergo-
genic for amateur runners competing in a marathon.
Several investigations have been geared to determining
the effects of BCAA supplementation as a strategy to treat
exercise-induced muscle damage (Nosaka et al. 2006;
Shimomura et al. 2006; Howatson et al. 2012; Greer et al.
2007; Coombes and McNaughton 2000). Coombes and
McNaughton (2000) investigated the effects of 12 g day ™'
of BCAA for 7 days on the muscle damage derived from
120-min of cycling, while BCAA supplementation was
continued for 5 days after the exercise bout. In comparison
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to a placebo, they found that serum concentrations of
creatine kinase and LDH were decreased with BCAA
supplementation. Howatson et al. (2012) investigated the
effects of 20 g day™' of BCAA for 7 days on muscle
damage derived from 100 consecutive drop jumps, while
BCAA supplementation was maintained for 5 days after
the exercise routine. They found that BCAA supplemen-
tation improved muscle force recovery, while serum crea-
tine kinase concentration and muscle soreness were
reduced compared to a placebo. Shimomura et al. (2006,
2010) investigated the effects of an acute dose of 5 g of
BCAA before 7 sets of 20 squats. They found that BCAA
supplementation ameliorated the increase in serum myo-
globin concentration and muscle soreness after exercise.
All these investigation suggested that BCAA supplemen-
tation may improve the recovery of damaged muscles.
However, the ergogenicity of BCAA intake to increase
exercise performance seems unclear with the scientific data
available to date. Based on these data, BCAA supple-
mentation might be ergogenic in sport activities that induce
muscle breakdown, such as prolonged running (Del Coso
et al. 2013a).

A few studies have been devoted to determining the
effectiveness of BCAA supplementation to improve phys-
ical performance during running. Blomstrand et al. (1991)
provided 16 g of BCAA in four doses during a marathon
race to a group of runners and a placebo substance to
another group of runners. Overall, they found that runners
who ingested BCAA did not improve their running per-
formance. Similarly, Knechtle et al. (2011) determined the
effects of a dose of 20 g of BCAA on ultra-endurance
runners during a 100-km race. These authors found that
BCAA did not change running pace or plasma concentra-
tions of myocellular proteins (myoglobin and creatine
kinase) which were not different between groups. On the
other hand, Koba et al. (2007) investigated the effects of
providing an acute dose of 2.4 g of BCAA to long distance
runners during a 25-km run. They found that runners pre-
sented a lower serum LDH concentration after the race
when they ingested BCAA. However, in that study there
was no measurement of physical performance during the
trials. Wisnik et al. (2011) provided male soccer players
with 7 g of BCAA or a placebo before a multiple-choice
reaction time during treadmill test and they found that
BCAA administration shortened the time to complete the
test by 10 %.

The current investigation presents some novelties com-
pared with previous studies about BCAA supplementation
and running performance. First, we have tested the effects
of BCAA supplementation in both running and muscle
performances. During the marathon race, running speed
was measured by means of a time-chip at 5-km intervals. In
the control group, 84 % (21 out of 25) of the participants
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finished the race while running pace was progressively
reduced after the %2 marathon, as has been previously found
in amateur runners (Ely et al. 2008). From the first 5 km,
running pace was reduced by 9 & 6 % at the end of the
race. Interestingly, all the participants in the BCAA sup-
plementation group (100 %, 25 out of 25) completed the
race although they experienced a running speed reduction
after the %2 marathon (Fig. 1). In the BCAA group, running
pace was reduced by 11 & 11 % from 5 to 42 km. In the
Blomstrand et al. (1991) study mentioned above, authors
subdivided participants in the marathon in faster
(<185 min in the marathon) and slower (185-210 min)
runners and they found that only slower marathoners
benefited from BCAA ingestion. In our investigation, this
subdivision of runners by race time did not change the
main outcomes of the study. In addition, BCAA supple-
mentation was ineffective to ameliorate the reduction in
jump performance after the race (Table 2). Thus, we can
safely conclude that 5 g day~' of BCAA supplementation
was not effective for increasing running or muscle per-
formance in amateur runners during a marathon.

BCAA are abundant in muscle proteins and they account
for 14-18 % of the total amino acids in muscle (Riazi et al.
2003). In contrast to other essential amino acids, BCAA are
mainly catabolized in muscles and exercise increases
muscle BCAA catabolism (Shimomura et al. 2010). Oral
BCAA administration may promote protein synthesis by
stimulating ,,RNA translation (Garlick 2005) and suppress
muscle protein breakdown during exercise (MacLean et al.
1994). To obtain these physiological effects, it is necessary
that BCAA reach sarcoplasm of the active muscles. For this
reason, a second novelty of this investigation is the use of a
“loading” phase of BCAA for 7 days instead of a single
dose, to increase the likelihood of BCAA reach intravas-
cular (van Hall et al. 1995) and intramuscular spaces
(MacLean et al. 1994). As previously mentioned, most
studies that have found a preventive effect of BCAA on
muscle recovery used a supplementation phase for several
days. In our investigation, despite participants in the
experimental group being supplemented with 5 g day™' of
powdered BCAA for 7 days, this intake was ineffective to
prevent muscle damage or to increase running perfor-
mance. Therefore, acute or chronic supplementations with
BCAA were ineffective to increase physical performance
during prolonged running. However, it is still possible that
BCAA ingestion is effective to accelerate the muscle
recovery process after a marathon.

In a recent publication (Del Coso et al. 2013b), it has
been found that muscle power loss after the marathon was
significantly correlated with post-race urine myoglobin
concentration. This investigation showed that runners with
greater levels of muscle breakdown were the ones with a
reduced capacity to generate power during a
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Fig. 2 Relationship between the urinary myoglobin concentration
and the reduction in leg muscle power after a marathon race in a
group of runners supplemented with branched-chain amino acids
(n = 25; BCAA) for 7 days or a group of runners supplemented with
a placebo (n = 21; control). Participants were grouped by their
change in leg muscle power using 10 % intervals (0—10 %; 10-20 %;
more than 20 %)

countermovement jump, suggesting that muscle fatigue in
the marathon is associated with muscle fiber damage.
Figure 2 depicts the relationship between muscle power
reduction and urine myoglobin concentration in the par-
ticipants supplemented with BCAA or with a placebo.
Participants in each group (BCAA or control) were clus-
tered by their change in leg muscle power using 10 %
intervals (0-10 %; 10-20 %; more than 20 %), as previ-
ously suggested (Del Coso et al. 2013b). Again, leg muscle
power loss during a countermovement jump and post-race
myoglobinuria were positively correlated. This association
was present in both groups of runners suggesting that
BCAA supplementation does not prevent muscle damage
or its consequences on muscle fatigue in the marathon.
After intense exercise, urine becomes more acidic due to
an increase in ammonia excretion that leads to decreased
urinary pH. This urine acidity occurs 10 min after ceasing
exercise and it is maintained for up to 50-90 min after-
wards (Wilson et al. 1924). Interestingly, we found that
BCAA supplementation diminished the urine pH acidifi-
cation produced during the marathon (Table 3). BCAA are
used in patients with cirrhosis because this supplement may
improve muscle and blood ammonia detoxification to
glutamine although this effect is negligible in healthy
people (Holecek 2013). In any case, the maintenance of
urinary pH produced with the BCAA supplementation was
equivalent to 0.2 & 1.5 units and it was not related to any
performance enhancement. Haematuria, proteinuria, leu-
kocyturia and an increased presence of bilirubin and ketone
bodies after the marathon were present in both groups.
These urinary abnormalities are commonly found after

intense running (Mclnnis et al. 1998) and they are the
result of increased glomerular permeability due to
decreased blood flow to the kidneys (Abian-Vicen et al.
2012). The urinary variables have also been related to
increased damage to erythrocytes and leukocytes as a
consequence of the compression of the capillaries produced
by the muscle contractions during running (Kane and
Cohen 2009). The supplementation with BCAA minimally
affected these urinary indexes measured after the marathon,
which in turn suggests the absence of effect of this sup-
plementation on kidney filtration during exercise.

The present investigation possesses some relevant lim-
itations that should be taken into account when applying
the outcomes of this study to the runners’ population. First,
the experimental design included two groups of runners
(experimental and placebo). Although the group assigna-
tion produced groups matched by age, training and running
experience, it is still possible that the outcomes of this
investigation are related to the individual differences.
Another limitation is the assessment of muscle fiber dam-
age using urine myoglobin concentration. Most investiga-
tions used serum concentration of intramuscular proteins to
avoid the filtration effect of the kidneys on those proteins.
Although it is indirect, we still consider that myoglobinuria
is a valid measurement of muscle breakdown during a
marathon. Finally, we used an ecologically valid context
for this investigation (a real marathon competition) and
some aspects of the investigation were not standardized
(e.g., fluid and food ingestion during the race). Partici-
pants’ reports and body mass changes indicated that both
BCAA and control groups rehydrated similarly during the
race; however it is still possible that these variables inter-
fered with the outcomes of this investigation.

In summary, a 7-day supplementation with BCAA
(5 g day ') was ineffective to increase the running per-
formance during a marathon. Furthermore, BCAA sup-
plementation was unsuccessful for preventing muscle
power loss, muscle damage or perceived muscle pain
during a marathon race. Thus, BCAA intake is not ergo-
genic for marathon runners, at least in the dosage used in
this investigation.
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